We discuss the factors influencing the properties of new drug delivery system, composed of carbon nanotubes and analgesic antipyretic drug-paracetamol. Basing on experimental data it is shown, that by a simple manipulation with the heating time at the stage of system preparation, one can easily change the rate of the drug delivery. Moreover, this rate can be changed in a very wide range. Finally, using Molecular Dynamics simulation we also discuss the orientation and properties of drug molecules at different stages of the hot melt deposition process.
After heating and after evaporation of the solvent nanoaggregates are destroyed, and drug molecules are redistributed and adsorbed on the walls of carbon nanotubes. We also showed (for a single case) that the rate of desorption of the drug adsorbed in this way is remarkably slower than the rate of desorption of the drug adsorbed in the form of nanoaggregates (i.e. without heating).
In this way, by a simple thermal treatment of drug/nanotubes mixture, one can easily change the rate of desorption of a drug and to prepare the drug delivery system having well defined properties. Figure 1 shows selected parameters influencing the behavior of new drug delivery systems obtained using the hot-melt drug deposition process. As one can see on Fig. 1 among the most important factors influencing the properties of new carbon-based drug delivery system (for a chosen drug) we can mention: the temperature of deposition process, mixing conditions, tube properties and finally the conditions of drug delivery process (pH, T , etc.).
The major aim of this communication is to estimate, for one arbitrarily chosen system, how wide range of delivery rate can be achieved by changing the values of selected parameters mentioned in Fig. 1 .
We choose carbon nanotubes called Baytubes C 150 HP (Bayer Material Science, Germany), characterized recently (Furmaniak et al. 2010; Wiśniewski et al. 2010) . The BET surface area is equal to 198 m 2 /g, and the distribution of external diameters shows a maximum at c.a. 15 nm (Furmaniak et al. 2010) . Nanotubes were mixed with paracetamol (Merck, Germany) and we present the results for a fixed (i.e. equal to 0.4) drug to carbon ratio. This ratio means that per 1 g of carbon nanotubes we used 0.4 g of the drug. Both components were mixed using laboratory ball mill, next placed in the oven (T = 473 K) and heated from 0.5 up to 3.0 hours. We used the following notation of studied samples: the name of material, the mass of drug (per Delivery measurement was performed in the special tight vessel containing magnetic rotor. The vessel was placed in a thermostat, filled with 100 cm 3 of water and the measurement temperature was equal to 310 ± 0.1 K (mass of adsorbent 25 mg). Paracetamol concentration was determined using the UV-vis spectrophotometer (Jasco V 660, Japan) at the wavelength 244.6 nm. Each kinetic curve was measured three times and the data were averaged.
As one can observe from Fig. 2 , for a constant drug to carbon ratio (equal 0.4) we observe drastic difference in drug delivery rate for different heating times applied during the hot-melt deposition process. The longer is the heating time, the slower desorption process is. We observe very wide range of desorbed drug amount, therefore one can conclude that by changing the heating time one can easily manipulate with the rate of drug delivery. This is very important especially in drug delivery systems because in some cases it is necessary to deliver the drug rapidly, and sometimes it is necessary to deliver it very slowly, even for few weeks.
To perform a full characterization of a studied drug delivery system we tried to predict the kinetic curve for a selected time of heating. To do this the data collected in Fig. 2 were described using different kinetic models. Among them we have chosen a model having relatively good fitting quality but simultaneously, the smallest as possible number of best fit parameters. In the case of data collected in Fig. 2 the Pseudo Second Order (PSO) model is in our opinion the best Fig. 2 Kinetics of paracetamol desorption from studied new drug delivery systems at 310 K choice (the DC value ranged from 0.96 to 0.99). The pseudo second order equation (Blanchard et al. 1984) :
was used in the form (Ho and McKay 1998) :
where
and C is the actual concentration of released paracetamol in the solution, C max is the theoretically calculated concentration corresponding to desorption of all paracetamol, C * e corresponds to equilibrium condition, k 2 is the kinetic constant and t is time. As it was pointed out by Azizian (2004) this equation describes experimental kinetics data if the initial concentration of a solute is not too high. Moreover, Ho et al. (1996) derived this equation assuming the presence of two types of adsorption sites on a surface.
In Fig. 3 we show the general correlations between the parameters of Eqs. (1) and (2) and the time of the hot melt drug deposition process. One can also conclude that the most drastic changes are observed during the first three hours of heating. However, the kinetic constant of Eq. (2) changes remarkably only for the first 1.5 hour of heating. Knowing the relations between both constants and the deposition time one can easily to plot the kinetic curve for all intermediate cases.
Finally to explain the behavior of kinetic curves collected in Fig. 2 we used Molecular Dynamics simulations (Gromacs package-see Terzyk et al. 2012 
for details).
Starting from 20 different configurations we performed MD simulations for (13,0) nanotube and 75 paracetamol Fig. 3 The correlations obtained between the parameters of PSO model used to description of experimental delivery curves, and heating time during hot melt deposition process molecules (T = 473 K). Next, we averaged the orientations of molecules from short time intervals shown in Fig. 4 . In this way we have analogy to real experiment where using different times of heating of carbon/drug system the system is "frozen" on the path to the equilibrium.
In order to characterize the angular orientation of paracetamol molecules with respect of the nanotube surface, we calculated the angle (α) between the vector perpendicular to the benzene ring plane and the lengthening of the tube radius passing through the centre of this ring (Terzyk et al. 2009 ). Thus if α = 0 • molecules are perfectly parallel to the tube. In contrast for α = 90 • they have perpendicular orientation. We consider only the molecules at the vicinity of nanotubes assuming the distance between the centre of the ring and at least one carbon atom forming the tube was not larger than 0.8 nm.
The data collected in Fig. 4 show that the maximum of the peak is located at the α = 10 • . Thus some molecules are almost parallel to the tube. However, with the rise in the time of the hot-melt deposition process (i.e. with the time of equilibration during MD simulation) the distribution becomes narrower i.e. the molecules tend to more parallel orientation. Since the orientation of molecules changes the rate of drug delivery, this simple simulation experiment shows that the differences observed in Fig. 3 can be caused by the orientation of adsorbed molecules. But the snapshots collected in Fig. 4 also show, that the number of molecules placed at larger distances from the tube decreases with the time of equilibration. And this is, in our opinion, the second reason explaining the behavior of kinetic curves collected in Fig. 2 .
In summary we can state that proposed "hot melt deposition method" used for carbon nanotubes can be very promising for preparation of new drug delivery systems. It is simple, no time consuming, and what is the most importantleads to the drug delivery systems having very wide range of delivery times. Further studies on those systems are necessary and the results will be reported in future.
